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IGNITION COIL APPARATUS FOR INTERNAL COMBUSTION ENGINE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an ignition coil apparatus for an 
internal combustion engine that supplies a high-voltage current to spark plugs 
through a high-voltage terminal by interrupting a primary current of a primary 
coil to generate a high voltage in a secondary coil. 

2. Description of the Related Art 

In the past, there has been known an ignition coil apparatus for an 
internal combustion engine which includes: a casing; an ignition coil having an 
iron core that forms a closed magnetic circuit a part of which is arranged in the 
casing, and a primary coil and a secondary coil installed on parts of the iron 
core; an ignition control circuit for controlling electric current supplied to the 
primary coil; a low-voltage side connector having a terminal electrically 
connected with the ignition control circuit; a high-voltage side connector having 
a high-voltage terminal electrically connected with the secondary coil; wherein 
a high voltage induced in the secondary coil upon interruption of primary 
current of the primary coil is supplied to spark plugs through the high-voltage 
terminal (for example, see a first patent document: Japanese patent 
application laid-open No. H08-22924). 

In the known ignition coil apparatus for an internal combustion engine, 
part of the iron core is exposed to air outside of the casing so as to form an 
earth body. Therefore, there is a fear that if a sufficient distance between the 
iron core and the high-voltage terminal is not ensured when a high-voltage 
cable connected with the high-voltage terminal falls off from the high-voltage 
terminal, there might take place a discharge between the high-voltage terminal 
and the iron core. 

Accordingly, it is necessary to ensure a sufficient distance between the 
high-voltage terminal and the iron core, but this results in a problem that the 
overall height of the apparatus becomes large, for instance. In addition, there 
is also another problem that it is necessary to apply a painting treatment to 
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those surface portions of the iron core which are exposed to air, for the 
purpose of corrosion protection. 
SUMMARY OF THE INVENTION 

Accordingly, the present . invention is intended to obviate the 
above-mentioned various problems, and has its object to provide an ignition 
coil apparatus for an internal combustion engine which is capable of preventing 
the occurrence of a discharge between a high-voltage terminal and an iron 
core even if a high-voltage cable falls off from the high-voltage terminal, and of 
reducing the overall height thereof while removing the necessity of applying, as 
corrosion protection, a painting treatment to a surface of the iron core. 

Bearing the above object in mind, the present invention resides in an 
ignition apparatus for an internal combustion engine which includes: a casing; 
an ignition coil having an iron core disposed in the casing to form a closed 
magnetic circuit, and a primary coil and a secondary coil installed on a part of 
the iron core; a power switch for controlling electric power to be supplied to the 
primary coil; a low-voltage side connector having a terminal electrically 
connected with the power switch; and a high-voltage side connector having a 
high-voltage terminal electrically connected with the secondary coil. The 
casing includes: a casing main body that accommodates the part of the iron 
core, the primary coil, the secondary coil and the power switch; and a cover 
integrally formed with the casing main body for covering a part of the iron core 
located outside of the casing main body. 

In the ignition coil apparatus for an internal combustion engine 
according to the present invention, even if a high-voltage cable falls off from 
the high-voltage side connector, there will be no discharge generated between 
the high-voltage terminal and the iron core. In addition, the overall height of 
the apparatus can be reduced, and there is no necessity of applying a painting 
treatment to the surface of the iron core as a corrosion protection measure. 

The above and other objects, features and advantages of the present 
invention will become more readily apparent to those skilled in the art from the 
following detailed description of preferred embodiments of the present 
invention taken in conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view of an ignition coil apparatus for an internal 
combustion engine according to a first embodiment of the present invention. 

Fig. 2 is a partially cut-away side elevation of the ignition coil apparatus 
for an internal combustion engine along line A-A in Fig. 1. 

Fig. 3 is a plan view of an ignition coil apparatus for an internal 
combustion engine according to a second embodiment of the present 
invention. 

Fig. 4 is a partially cut-away side elevation of the ignition coil apparatus 
for an internal combustion engine along line A-A in Fig. 3. 

Fig. 5 is a plan view of an ignition coil apparatus for an internal 
combustion engine according to a third embodiment of the present invention. 

Fig. 6 is a partially cut-away side elevation of the ignition coil apparatus 
for an internal combustion engine along line A-A in Fig. 5. 

Fig. 7 is a plan view of an ignition coil apparatus for an internal 
combustion engine according to a fourth embodiment of the present invention 
showing the state before a thermosetting resin is poured into a casing. 

Fig. 8 is a side elevation of the ignition coil apparatus for an internal 
combustion engine with part of the casing of Fig. 7 being cut away. 

Fig. 9 is a view of an ignition coil apparatus for an internal combustion 
engine according to a fifth embodiment of the present invention, showing the 
state in which a low-voltage side connector is being mounted to a casing. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now, preferred embodiments of the present invention will be described 
below in detail while referring to the accompanying drawings. The following 
description will be made by identifying the same members and parts or 
corresponding members and parts with the same symbols. 
Embodiment 1. 

Fig. 1 is a plan view of an ignition coil apparatus for an internal 
combustion engine (hereinafter abbreviated as an ignition coil apparatus) 
according to a first embodiment of the present invention, and Fig. 2 is a 
partially cut-away side elevation of the ignition coil apparatus along line A-A in 
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Fig. 1. 

This ignition coil apparatus includes a casing 1 molded from a resin 
material such as, for example, a PBT resin, an ignition coil 2 arranged in the 
casing 1, a power switch (not shown) received in the casing 1 and having a 
power transistor (not shown) and an integrated circuit for driving and 
controlling the power transistor solidly sealed in the casing 1 with a resin by 
means of insert molding, and a low-voltage side connector 3 with an insert 
molded terminal electrically connected with the power switch. 

The ignition coil 2 includes a hollow-rectangular-shaped iron core 4 
that forms a closed magnetic circuit, a primary coil (not shown) arranged to 
enclose one side of the iron core 4 and having a primary winding wound 
around a first bobbin, and a secondary coil (not shown) arranged outside of the 
primary coil in a concentric relation and having a secondary coil wound around 
a second bobbin. A high-voltage terminal electrically connected with the 
secondary coil is insert molded with a resin to form a high-voltage tower 5 that 
constitutes a high-voltage side connector. 

The casing 1 is constructed of a casing main body 1 A accommodating 
therein the power switch, part of the iron core 4, the primary coil and the 
secondary coil, and a cover 1B integrally formed with the casing main body 1A 
so as to cover those portions of the iron core 4 which are located outside of the 
casing main body 1A. The cover 1B is formed simultaneously with the 
injection molding of the casing main body 1A. The cover 1B has a pair of 
fastening holes 6 formed therethrough at its opposite sides, by the use of 
which the cover 1B can be fixedly fastened to a fixed part such as an engine 
proper, a bracket or the like, each fastening hole 6 having a fastening bearing 
surface 7 at one side thereof to be fastened to the fixed part. A cylindrical 
bush 9 made of aluminum is fitted into each of the fastening holes 6. 

The high-voltage tower 5 has its axis extending in the same direction 
as an axial direction of the low-voltage side connector 3. In addition, the 
high-voltage tower 5 and the low-voltage side connector 3 are arranged in 
parallel with respect to the fastening bearing surfaces 7 of the fastening holes 
6 and in an overlapped relation with respect with each other when viewed 
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along the fastening bearing surfaces 7. The high-voltage tower 5 and the 
low-voltage side connector 3 have substantially the same height from the 
fastening bearing surfaces 7. 

With the ignition coil apparatus as constructed above, the power 
transistor of the power switch is turned off in synchronization with the ignition 
timing of the internal combustion engine to interrupt the primary current of the 
primary coil, so that a high voltage is induced in the secondary coil to supply a 
high-voltage current to spark plugs through the high-voltage terminal of the 
high-voltage tower 5. 

According to the ignition coil apparatus as constructed above, those 
portions of the iron core 4 located outside of the casing main body 1A are 
covered with the cover 1B formed integral with the casing main body 1A. 
Thus, even if the high-voltage tower 5 and the iron core 4 are placed in 
proximity with each other, there will be caused no discharge between the 
high-voltage terminal of the high-voltage tower 5 and the iron core 4. As a 
result, the overall height of the ignition coil apparatus can be lowered, thereby 
making it possible to improve the degree of freedom in the installation thereof 
in an engine compartment. In addition, no part of the iron core 4 is exposed 
to air, and hence there is no necessity of applying a painting treatment to the 
surface of the iron core 4 for corrosion protection. 
Embodiment 2. 

Fig. 3 is a plan view of an ignition coil apparatus for an internal 
combustion engine according to a second embodiment of the present invention, 
and Fig. 4 is a partially cut-away side elevation of the ignition coil apparatus 
along line A-A in Fig. 3. 

This embodiment is different from the above-mentioned first 
embodiment in that a pair of fastening holes 8 extending through the iron core 
4 are formed through the cover 1 B at its opposite sides. 

Thus, in contrast to the first embodiment in which the fastening holes 6 
are formed through the cover 1B made of resin, the fastening holes 8 in this 
second embodiment are formed in the cover 1B so as to extend through the 
iron core 4. With such an arrangement, the ignition coil apparatus is strongly 
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fastened to the fixed portion by use of the fastening holes 8. 
Embodiment 3. 

Fig. 5 is a plan view of an ignition coil apparatus for an internal 
combustion engine according to a third embodiment of the present invention, 
and Fig. 6 is a partially cut-away side elevation of the ignition coil apparatus 
along line A-A in Fig. 5. 

This embodiment is different from said second embodiment in that a 
bush 9 made of a corrosion-resistant material such as, for example, aluminum 
is press-fitted into a corresponding fastening hole 8 which is formed through 
the cover 1 B so as to extend through the iron core 4. 

Thus, in this third embodiment, the ignition coil apparatus is strongly 
fastened to the fixed part, and at the same time the inner wall surface of each 
fastening hole 8 is not exposed to air, thereby making it possible to prevent 
corrosion in the fastening hole 8. 
Embodiment 4. 

Fig. 7 is a plan view of an ignition coil apparatus for an internal 
combustion engine according to a fourth embodiment of the present invention, 
showing the state before a thermosetting resin is poured into the casing 1, and 
Fig. 8 is a side elevation of the same with part of the casing 1 of Fig. 7 being 
cut away. 

In this ignition coil apparatus, the ignition coil 2 and the power switch 
10 are received in the casing 1 while being arranged in parallel with each other. 
The power switch 10 is formed integrally with the low-voltage side connector 3, 
and double grooves 12a, 12b are formed in the outer peripheral portion of the 
low-voltage side connector 3. Double protrusions 13a, 13b formed on the 
notch portion 15 of the casing 1 are placed in engagement with the grooves 
12a, 12b to provide a seal between the casing 1 and the low-voltage side 
connector 3. 

Here, note that the grooves 12a, 12b and the protrusions 13a, 13b 
together constitute a seal unit. 

In this fourth embodiment, the primary coil, the secondary coil integral 
with the primary coil, and the power switch 10 integral with the low-voltage side 
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connector 3 are first assembled respectively in places outside of the casing 1, 
and then they are assembled or received into the casing 1. Thereafter, an 
electrically insulating thermoplastic resin in the form of an epoxy resin is 
poured into the casing 1 and solidified there, so that the casing 1, the ignition 
coil 2, the low-voltage side connector 3 and the power switch 10 are integrated 
coupled with one another. 

Here, note that a portion of the inner surface of the casing 1 
corresponding to the iron core 4 is beforehand covered by the thermoplastic 
resin. Accordingly, the thermoplastic resin is interposed between the iron 
core 4 and the thermosetting resin, so that it is possible to reduce the 
generation of a crack due to thermal stress of the thermosetting resin resulting 
from the heat generation of the iron core 4 during operation of the ignition coil 
apparatus. 

According to the coil ignition device of this fourth embodiment, the seal 
unit is arranged between the casing 1 and the low-voltage side connector 3, so 
that an insulating resin, when poured into the casing 1, is prevented from 
leaking outside of the casing 1 under the action the seal unit. 

In addition, when the casing 1 is formed, a portion of the cover 1B 
corresponding to the iron core 4 is integrally coupled with the casing 1 by 
means of insert injection molding. As a result, the primary coil, the secondary 
coil formed integral with the primary coil, and the power switch 10 formed 
integral with the low-voltage side connector 3 are respectively assembled in 
places outside of the casing 1, thereby improving the assemblability of the 
apparatus. 

Moreover, in the ignition coil apparatus of the above construction, 
when fastened to the fixed part with a resin-pouring opening side thereof being 
directed downward, there is no fear that water might invade into the casing 1 
along the inner wall surface of the casing 1. 
Embodiment 5. 

Fig. 9 is a view of an ignition coil apparatus for an internal combustion 
engine according to a fifth embodiment of the present invention, showing the 
state of the low-voltage side connector 3 being assembled into the casing 1 . 
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In this embodiment, double protrusions 13a, 13b are formed on the 
notch portion 15 of the casing 1 into which the low-voltage side connector 3 is 
fitted. The notch portion 15 has a V-shaped configuration diverging toward an 
opening side thereof. Double grooves 12a, 12b, into which the protrusions 
13a, 13b are fitted, are formed in the outer peripheral surface of the 
low-voltage side connector 3. 

The notch portion 15 is formed into a U-shaped configuration diverging 
toward an opening side thereof, so the low-voltage side connector 3 can be 
smoothly fitted into the notch portion 15 of the casing 1. In addition, since the 
grooves 12a, 12b and the protrusions 13a, 13b, which together constitute a 
seal unit, are of double structures, respectively, the seal unit has high sealing 
performance. 

Although in the above-mentioned fourth and fifth embodiments the seal 
unit comprises the grooves 12a, 12b formed in the low-voltage side connector 
3 and the protrusions 13a, 13b formed on the casing 1, the present invention is 
not, of course, limited to this one. For example, protrusions may be formed 
on the low-voltage side connector, and grooves, into which the protrusions are 
fitted, may be formed in the casing. 

While the invention has been described in terms of preferred 
embodiments, those skilled in the art will recognize that the invention can be 
practiced with modifications within the spirit and scope of the appended claims. 
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